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Lll: Entry 1 of 8 File: USPT Dec 16, 2003 



DOCUMENT -IDENTIFIER : US 6664195 B2 

TITLE: Method for forming damascene metal gate 



Abstract Text (1) : 

The present invention relates to a method of forming a damascene gate electrode of 
highly integrated MOS transistor capable of easily removing a dummy polysilicon 
layer. The disclosed comprises the steps of forming a dumm^__gate insulating layer 
and a polysilicon layer for a dummy gate on a wafer; forming an interlayer 
insulating layer on the wafer; polishing the interlayer insulating layer to expose 
a top surface of the dummy polysilicon layer; and wet etching the exposed dummy 
polysilicon layer using a spin etching process. 

Brief Summary Text (5) : 

In general, a polysilicon gate electrode and a polycide gate electrode have been 
used as a gate electrode in sub-0.10 micron devices. However, polysilicon gate are 
associated with problems such as increases in the effective thickness of the gate 
insulating layer caused by gate depletion and threshold voltage variations 
resulting from dopant penetration from p.sup.+ or n.sup.+ polysilicon gate to a 
substrate and/or variations in dopant distribution. Further, it has proven 
difficult to produce consistent low-resistance conductors having extremely narrow 
line widths . 

Brief Summary Text (6) : 

Therefore, metal gate electrodes are being developed as a substitute for the 
conventional polysilicon gate electrodes . Metal gate electrodes can solve the 
above-mentioned problems by eliminating the need for dopant in the manufacturing 
process. Metal gate electrodes, therefore, are able to provide threshold voltages 
that are symmetric between the NMOS and PMOS regions of a CMOS device by using 
metals that exhibit a work function located in a mid-band gap of silicon. Such 
metals include tungsten (W) , tungsten nitride (WN) , titanium (Ti) , titanium nitride 
(TiN) , molybdenum (Mo) and tantalum (Ta) . 

Brief Summary Text ( 8 ) : 

In order to solve these problems, a method has been proposed for forming a metal 
gate electrode using a damascene metal gate process. In the damascene metal gate 
process, a polysilicon gate is formed as a dummy gate and then source/drain regions 
are formed, thereby completing a transistor. The polysilicon gate is then removed 
and a metal gate is formed using a damascene process. 

Brief Summary Text (10) : 

Referring to FIG. 1A, a silicon oxide layer and a polysilicon layer are formed on a 
wafer (10), that is, a silicon substrate in a conventional method of forming 
polysilicon gate electrode and then, the layers are subjected to a patterning 
process, thereby forming a dummy gate insulating layer (11) and a dummy gate 
electrode (12) . 

Brief Summary Text (11) : 

Subsequently, source/drain regions (13) are formed by implanting ion impurities and 
spacers (14) are formed on the sidewalls of the dummy gate insulating layer (11) 
and the dummy gate electrode (12). Here, the source/drain regions may be formed 
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using a LDD ( Lightly Doped Drain) structure by the following steps. Firstly, a 
dummy gate electrode (12) is formed and then, source/drain regions are implanted 
with a low dopant concentration. Sidewali spacers (14) are then formed and the 
source/drain regions are implanted a high dopant concentration. 

Brief Summary Text (12) : 

Referring to FIG. IB, an interlayer insulating layer (15) is then formed over the 
resulting structure. The interlayer insulating layer (15) is then subjected to a 
chemical mechanical polishing (CMP) process as shown in FIG. 1C to remove a top 
portion of the interlayer insulating layer and expose the surfaces of dummy gate 
electrodes (12) . 

Brief Summary Text (13): 

Referring to FIG. ID, exposed dummy gate electrode (12) and dummy gate insulating 
layer (11) are selectively etched to expose the substrate (10) . The removal of the 
dummy gate electrode (12) and the dummy gate insulating layer (11) produces a 
trench ( 16) . 

Brief Summary Text (16) : 

FIGS. 1A to ID show process steps for selectively removing the polysilicon layer 
forming dummy gate (12) . It is important to prevent damage of sidewali spacers (14) 
and the interlayer insulating layer (15) during the process of removing the 
polysilicon layer and it is particularly important to prevent damage to the exposed 
portion of the silicon substrate (10) . Further, all residue from the polysilicon 
layer must be completely eliminated from the trench (16) . 

Brief Summary Text (17) : 

FIGS. 2A and 2B show a conventional method of removing a dummy polysilicon layer 
for a dummy gate electrode. FIG. 2A shows a conventional method of removing a dummy 
polysilicon layer using a dry etch process and FIG. 2B shows a method using a wet 
etch process. In FIG. 2A, the dummy polysilicon layer is etched back and then 
removed using a plasma etch. FIG. 2B illustrates a method in which the dummy 
polysilicon layer is removed by a static etch process, that is, by dipping wafers 
(22) into a wet chemical etch bath (21) for a predetermined time. 

Brief Summary Text (22) : 

Therefore, the present invention has been made in order to solve the above- 
mentioned problems in the prior art. An object of the present invention is to 
provide a method for forming a damascene metal gate in which a dummy polysilicon 
layer is etched rapidly using a spin etch process. 

Brief Summary Text (23) : 

In order to achieve the above object, the method for forming a damascene metal gate 
according to the present invention is characterized by the steps of: forming a 
dummy gate insulating layer and a polysilicon layer for a dummy gate on a wafer; 
forming an interlayer insulating layer on the wafer having the dummy polysilicon 
layer; ... P.olishing the interlayer insulating layer to expose a top of surface of the 
dummy polysilicon layer; and wet etching the exposed dummy polysilicon layer using 
a spin etch process. 

Detailed Description Text (5) : 

First, a dummy gate oxide layer (32) and a dummy polysilicon layer (33) are formed 
on a wafer, i.e., silicon substrate (31) and etched to form a dummy gate. Sidewali 
spacers (34) and source/drain regions are then formed. Subsequently, an interlayer 
insulation layer (36) is formed on the surface of the resulting structure. The 
source/drain regions may be formed in a LDD structure by implanting dopant both 
before and after the sidewali spacers (34) are formed. 

Detailed Description Text (8) : 

Thereafter, although it is not shown in drawings, the remainder of the dummy gate 
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